INTRODUCTION
Fish consumption and the prevalence of thrombotic and coronary heart disease are inversely correlated in several communities due to the effects of dietary n-3 fatty acids: increasing bleeding time; decreasing platelet ag-gregation, blood viscosity, and fibrinogen; and increasing erythrocyte deformability, thus decreasing the tendency for thrombus formation (Simopoulos, 1991) . In addition, the intake of fish fatty acids decreases serum triglycerides (Nestel et al., 1981) and prevents dietary hypercholesterolemia in rats (Sanchez-Muniz et al., 1992 , 1996 . Other studies have focused on the role of n-3 fatty acids in cardiovascular disease, their relation to hypertension, inflammatory and autoimmune disorders, cancer, and diabetes, and their role in growth and development (Sanders and Reddy, 1992) . Increasing consumption of n-3 fatty acids is recommended in our society, and encapsulated fish oil is now easily available. Furthermore, an adequate n-3 / n-6 ratio in the human diet has also been recommended because an excess of dietary n-3 fatty acids has negative consequences (LeBoeuf and Veldee, 1993) . Consequently, in order to obtain beneficial health effects, dietary fat patterns have been modified, possibly affecting the utilization of other nutrients, such as minerals.
Interrelationships exist between dietary fat and minerals. Several elements exert an influence on lipid metabolism (Denke et al., 1993) , and lipids, depending on their quality and quantity, simultaneously affect the digestion and metabolism of minerals. Although the relationship between mineral metabolism and raw fat is well known (Kies 1985;  Kaup et al., 1990) Deep-frying is a culinary technique in expansion because it is fast, it may be used industrially, and it is characteristic of the so-called &dquo;Mediterranean diet.&dquo; Few studies have investigated the changes that frying produces on mineral bioavailability (Navarro et al., 1990; Perez-Granados et nl., 1991 , 1995 , 1997 P6rez- Granados, 1997). Deep-frying induces a series of reactions that originate different thermooxidative and hydrolytic modifications, depending on the type of oil and the food that is fried. These modifications involve structural changes in the oil and in the food, as well as the formation of new compounds (Dobarganes ct al., 1988; Sebedio et al., 1990 ; Romero et al.,1999) . When fatty fish is fried, an exchange takes place between the fish oil and the frying oil (Sanchez-Muniz et al., 1992) (Vaquero et al., 1992; Aguirre, 1996) Metcalfe et al. (1966) . The fatty acid methyl esters of olive oil (00), raw sardine oil (SO), and fried sardine oil (FSO) were analyzed by gas chromatography as previously indicated (Perez-Granados et al.,1995; Table 1 ). (Dominguez and Bosch, 1994) and corn oil (Herman et al., 1991; Le Boeuf and Veldee, 1993) . This effect could not be attributed to decreased palatability due to marine lipid oxidation (Herman et al., 1991) . In fact, the group that consumed fried sardine oil, in which oxidation was necessarily greater because of the frying procedure (S6nchez-Muniz et al., 1992), actually displayed higher food intake than the group that consumed olive oil (Table 2) . Accordingly, rats that consumed raw sardine oil presented a lower body weight gain than the other groups, and their final body weight was almost half that of rats fed fried sardine oil (Table 2 ). Other authors have also reported lower food intake and body weight gain in growing animals (Chao and Gordon, 1983) , rat fetuses (Clarke et al., 1988) , and preterm infants (Dominguez and Bosch, 1994) unsaturated fatty acids and has low amounts of essential n-6 fatty acids. High levels of n-3 fatty acids in the diet can cause depletion of n-6 fatty acids in tissues, consequently affecting growth (Pudelkewicz et al., 1968; Clarke et al., 1988) .
Growth may have been impaired in rats that consumed the SO diet, which provided 0.23% and 0.50% of dietary calories in the form of linoleic (C 18:2 n-6) and arachidonic (C.0:4 n-6) acids, respectively. These dietary levels of n-6 fatty acids are on the borderline and may even be insufficient to achieve optimal growth in rats (Pudelkewicz et al., 1968) . In addition, n-6 fatty acid requirements increase in diets with a high n-3/n-6 ratio (Clarke et al., 1988) , and in our study the n-3/n-6 ratio was very high (5.12). The body weight increase of animals fed FSO, which was even greater than that of those fed 00, supports this interpretation, because the n-6 fatty acid content of the FSO diet was higher, that of n-3 fatty acids was lower, and the n-3 / n-6 ratio dropped to 2.43. Consequently, physiological responses depending on n-6 fatty acids were not affected.
With the FSO diet, which included a mixture of sardine oil and olive oil used for frying, food intake increased in a similar way to that reported by Clarke et al. (1988) in pregnant rats fed a diet including both safflower and menhaden oils in comparison with those fed diets with only one of the oils. Clearly, the body weight of the animals increased mainly due to greater food intake but also because this was the most efficiently used diet, especially during the first week of the study. I rz vitro assays Dialyzed calcium was similar in the three diets after 1 h and 2 h of pancreatic digestion, but after 3 h it was significantly higher in the FSO diet, followed by the SO diet, while the lowest values were observed with the 00 diet (Table 3) . Nondialyzed soluble calcium was also higher in the FSO diet than the 00 diet throughout the dialysis process, and it was higher in the SO diet than in the 00 one after 3 h. Conversely, insoluble calcium tended to be lower in SO and FSO diets than in the 00 one; after 2 h and 3 h of pancreatic digestion, the differences were significant. After 3 h, insoluble calcium levels were significantly higher with 00 than with SO and the latter were, in turn, significantly higher than FSO values.
According to data obtained in the in vitro assays, SO appeared to favor the soluble forms of calcium (dialyzed and nondialyzed fractions) more than 00 did. These results agree with those of Aguirre (1996) (Kaup et nl., 1990; Small, 1991; Aguirre, 1996 (Kaup et al.,1990) and therefore the %A / coefficients in the second balance period were Figura 1. Utilizaci6n digestiva del calcio (%A/1), utilizaci6n metab6lica (%R/A) y utilizaci6n nutritiva global (%R/I) en ratas alimentadas con dietas que contienen aceite de oliva (00), grasa de sardina cruda (SO) y grasa de sardina frita en aceite de oliva (FSO). (A) Primer periodo de balance. (B) segundo periodo de balance. Letras distintas indican diferencias significativas entre grupos en el mismo periodo de balance. *Significativamente diferente respecto al primer balance dentro del mismo grupo (p < 0.05).
lower than those of the first balance period in all three groups ( Figure 1B) . Rats that consumed raw sardine oil displayed a deficient calcium status; efficiency of calcium absorption in these rats was only equal to that of the controls, for which reason the amount of the mineral absorbed was lower. This result may also be attributed to regulatory mechanisms that responded to the lower requirements, as even the small amount absorbed was excessive and the animals continued eliminating surplus calcium in urine. The data suggest that SO rats received excess calcium, but the carcass mineral content of these animals was lower than that of other groups because SO animals were smaller ( Consequently, this group displayed a higher calcium intake than 00 rats (Table 4) . However, both groups excreted a similar amount of this mineral in urine and feces, and thus, without modifying its absorption percentage, the former group assimilated a greater amount of calcium during the first balance period. This allowed FSO animals to satisfy the high growth demands and reach higher weights than the other two groups. This effect may be attributed to the presence of n-3 fatty acids, which play an important role in development, in the FSO diet (Carlson and Salem, 1991) and to an adequate n-3/n-6 ratio in this diet (Budowski and Crawford, 1985; Kinsella, 1987 (Table 5) .
Phosphorus utilization
In vitro assays
The proportion of phosphorus dialyzed from the FSO was higher than from the other two diets; and their values were significantly different after 1 h and 3 h of pancreatic digestion. No significant differences were observed in the nondialyzed fractions (Table 6 ). This distribution of the phosphorus fractions after in vitro digestion is similar to that described by Aguirre (1996) using other fat sources. According to this author, the type of dietary oil does not determine the distribution of the different forms of the element after digestion. In our work, phosphorus dialysis was slightly enhanced, (Figure 2A ). This result was similar to that obtained for calcium and also supports the in vitro results, which indicated that phosphorus was available from SO. Fecal excretion of phosphorus is related to phosphorus intake, and in situations of deficient food intake, the intestine is able to increase absorption efficiency by up to 80-90% (Bikle et al., 1984) . Nevertheless, the increased absorption efficiency of phosphorus was not enough to compensate for the low intake, as occurred with calcium, and thus levels of absorption and retention of phosphorus were already lower in SO rats than in the other groups during the first balance period (Table 7) .
A greater retention of phosphorus may not have been possible or necessary, because growth retardation, induced by the previously cited n-3 / n-6 imbalance, meant a lower demand for this element. Actually, the animals absorbed enough phosphorus so that the urinary excretion of the element did not differ from that of the control group, and the%R/A ratio was not affected (Figure 2A) . At the end of the study, carcasses from the raw sardine oil group contained less phosphorus because they were smaller, but higher concentrations of both Figure 2 . Phosphorus apparent absorption/intake (%A/I), apparent retention/apparent absorption (%R/A), and apparent retention/intake (%R/I) in rats consuming diets containing olive oil (00), sardine oil (SO), and fried sardine oil (FSO (Linder, 1998 (Table 7 ). This may be partly due to the decreased absorption and retention efficiency typical of aging animals (Anderson and Gamer, 1996) and to the inverse relationship between phosphorus intake and intestinal absorption efficiency (Harrison, 1976) . However, in this balance period, in contrast to the first, the °,«A/I in SO animals did not improve ( Figure 2B ), and these rats displayed lower phosphorus absorption and retention than those of the other two groups, although urinary phosphorus excretion decreased. Animals fed low amounts of phosphorus decrease their urinary excretion by increasing the tubular reabsorption of phosphates (Anderson and Draper, 1972 
